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I. INTRODUCTION
Due to the continuously growing demand for the natural resources by the current energy conversion technologies and the serious concern for the impact on environment due to global warming, waste emission, disposal etc. have brought about the need of creation of new method that helps to understand that how to improve the design and operation of energy system and prevent the residues from damaging the environment. So the exergoeconomic is the science of the natural resources saving that connects the physics and economics by means of second law of thermodynamics.
The topic of analysis of power generation system is of scientific interest and also essential for efficient utilization of energy resources. The most commonly used method for the analysis of energy conversion system is the first law of thermodynamics or energy analysis. The energy analysis based on first law of thermodynamics cannot provide the true measure of efficiency and losses. So there is increasing interest in the combined effective utilization of first and second law of thermodynamics. Exergy analysis based on second law of thermodynamics provides the clear understanding between energy loss to environment and internal irreversibilities in the process. It is a methodology for the performance evaluation of devices and process and involving the exergy at different point in series of energy conversion steps. Exergy of any thermodynamic process shows efficiency or inefficiency of that process. Exergy is the phenomenon provides us with a better understanding of processes for qualifying energy. Therefore, it would better to use exergy to identify, qualify and quantify energy destruction. For this reasons, modern approach to process analysis uses exergy analysis which provides more distinct and clear view of a process.
The saving of energy or exergy is the prime objective of the conventional thermodynamic optimization process. This kind of optimization has benefits like an increase in energy or exergy efficiency or decrease of irreversibility of the system but this increase in efficiency is achieved at the cost of increase of capital investment. Thus it is difficult to reach the balance between thermodynamics and economics. It is well known fact that same amount of energy in different thermal devices may have quite different amount of exer5y and thus different economic values. So the conventional thermodynamic optimization is not able to differentiate the complex relationship among energy, exergy and cost. In order to overcome this problem, the combination of economic and thermodynamic optimization is done which is called exergoeconomis. In exergoeconomic analysis, combination of concept of cost which is an economic property and exergy which is an energetic property is done in order to achieve the best balance between thermodynamics and economics. The production process of complex energy system can be evaluated on the basis of its economic profitability and efficiency with respect to resource consumption. So the economic analysis can calculate the cost of fuel, operation and maintenance of the total plant or individual component etc. but provide no measure of how to allocate the cost among them and its product. II. LITERATURE SURVEY Bejan et. al. 1996 [1] has explained the fundamentals of exergy analysis and entropy generation minimization, economic analysis and exergoeconomic analysis. This reviews the many concepts, like irreversibility, entropy generation or exergy destruction. Examples illustrate the exergy flows and accumulation in closed system, open system heat transfer processes and power and refrigeration plants. Rashad et. al. 2009 [2] has performed the energy and exergy analysis steam power plant in Egypt. The primary aim of the paper is to analyze each and every component of the system separately and identify the components which having the highest energy losses and exergy destruction. The maximum energy loss was found in the condenser where 56.4%, 55.2% and 54.4% of the input energy was lost to the surroundings at 50%, 75%, and full load respectively. In addition, the calculated overall thermal efficiency based on specific heat input to the steam was 41.9%, 41.7% and 43.9% at 50%, 75%, and 100% respectively. Adibhatla et. al. 2014 [3] has explained the energy and exergy analysis of thermal power plant at different loads under constant and pure sliding pressure. In this paper, analysis is done at 100%, 80%, 60% load under constant and pure sliding pressure. The study shows that boiler has highest rate of exergy destruction than any other component in the plant. The study also reveals that there is a reduction in the rate of exergy destruction at part load conditions for the turbine in case of sliding pressure operation as compared to constant pressure operation. So the sliding pressure operation of the unit at part loads provides several benefits. So sliding pressure operation is suitable for once through units and thus a better way of operating at part load conditions. Rosen & Dincer 2003 [4] has performed the exergoeconomic analysis of power plant operating on various fuels. The definite relation is identified between the thermodynamic losses to capital cost ratios for all the devices. This relation is identified when the ratio is based on total exergy losses not on energy loss. This correlation may be successfully utilized in power plant component so as to achieve the optimal design by balancing the thermodynamic particularly exergy and economic characteristics. The result of analysis is helpful for both general and for electrical generating stations to provide insights into the relation between thermodynamics and economics.
Aljundi [5] has performed the exergy and energy analysis in Jordan. In his paper, each and every component of plant is analysed separately and an energy and exergy loss in each component is quantified. The identification is done for the component having the highest energy loss and exergy destruction. The largest energy loss is found to be condenser where 134MW is lost to the surroundings and only13MW is lost in boiler subsystem. On the other hand, maximum exergy destruction is found to be in boiler. Boiler has maximum percentage ratio of exergy destruction to total exergy destruction in plant which is about 77%. It is concluded that major source of irreversibility in plant is boiler. In boiler, major cause of exergy destruction is chemical reaction in combustion chamber. In order to reduce the exergy destruction in combustion chamber preheating of combustion air is done and air fuel ratio is maintained properly.
Bolatturk 2015 [6] has performed the thermodynamic and exergoeconomic analysis of cayirhan thermal power plant. In this paper, the author finds out the thermodynamic property at each and every point of steam flow cycle using the engineering equation solver package program. With the help of obtained thermodynamic properties, thermal and second law efficiency found to be 38% and 53% respectively. The exergy destruction, improvement potential, exergoeconomic factor is find out for each one of the component in the plant. The maximum exergy destruction occurs in boilers, so the improvement potential is largest for the boiler. The exergoeconomic factor which is always less than one is maximum for turbine group, after that boiler and followed by condenser. The low value of exergoeconomic factor for boiler shows that there is more exergy destruction and improvement can be done by reducing the exergy destruction or increasing the investment on boiler.
Gupta & Kumar 2015 [7] has performed the thermoeconomic optimization of a boiler used in a coal fired thermal power plant based on hot air temperature. The power plant under analysis is 55MW coal fired plant. The results are shown with the help of graph for the effect of hot air temperature on unit product cost of boiler, unit product cost of air pre heater, exergetic efficiency of the boiler system. Finally the optimization is done for unit product cost of air pre heater and unit product cost of boiler with reference to hot air temperature. Vuckovic et. al. 2014 [8] has performed the advanced exergy analysis and exergoeconomic evaluation of thermal processes in an existing industrial plant. In this paper, the advanced exergy analysis is used to identify performance of critical components and the potential for exergy efficiency improvement of industrial energy supply plant. The results show that due to increase in boiler temperature, unit cost of steam and unit cost of electricity also increases. Also with increase in boiler temperature, power output increases as well as total irreversibility also increases. So the optimization is done in order to achieve the maximum power with minimum possible irreversibilities.
III. MATHEMATICAL MODELING
Exergy is the maximum theoretical useful work obtained as the system interacts with the environment. If we neglect the nuclear, magnetic, electrical, and surface tension effects, the total exergy of a system (E x ) can be divided into four components: physical exergy E X(PH) , kinetic exergy E x(KN) , potential exergy E x(PT) , and chemical exergy E x(CH) .
If the kinetic, potential and chemical exergy are considered to be negligible then exergy can be written as by equation (2) .
Exergy can be transferred to or from a system by heat, work, and mass. Work can be obtained from a heat source at temperature (T), which is above the environment temperature (T 0 ), by transferring heat (Q) to a heat engine and rejecting the waste heat to the environment. Hence, every time heat transfer is accompanied by exergy transfer. The maximum work that can be obtained from a heat source at temperature T is the work produced from a Carnot heat engine which works between this heat source and the environment. The efficiency of Carnot heat engine is, Ƞ
Therefore, the exergy of heat Q is,
When the temperature at the location where heat transfer occurs is not a constant, the exergy transfer accompanying heat transfer is determined by integration.
Exergy is the useful work potential. For boundary work, such as the work of a piston-cylinder device, a portion of work is used to push the atmosphere air away and it cannot be utilized and thus, the exergy transfer by the expansion work equals the difference between the expansion work and the surroundings work, that is, E x(work) =W-W surr (6) Where W surr = P 0 (V 2 -V 1 ) and P 0 is the atmospheric pressure. Mass contains exergy as well as energy and entropy. The rate of exergy transfers to or from a system is directly proportional to the flow rate. When a mass (m) enters or exit the system, exergy (m Ψ) enters or leaves a system as well, where Ψ is the flow exergy.
Or
A. Exergy Balance for Closed System
The exergy balance for a closed system is shown by combining the energy and entropy balances: (U 2 -U 1 ) + (KE 2 -KE 1 ) + (PE 2 -PE 1 ) = Q -W (9) And entropy balance S 2 -S 1 = + S gen (10)
Where W and Q represent, respectively, energy transfer by work and heat between the system under study and its surroundings, T denotes the temperature on the boundary where transfer of energy by heat occurs, and the term (S gen ) accounts for entropy generation causes internal irreversibilities. Rearranging, the closed system exergy balance results:
B. Exergy Balance for Open System
Like mass, energy, and entropy, exergy is an extensive property, so it can be transferred into or out of a control volume where streams of matter enter and exit. Exergy balance is given as: (12) Where subscript 'i' and 'e' represents inlet and exit streams respectively, 'm' is the mass flow rate and 'P 0 ' is the atmospheric pressure.
C. Exergoeconomic Factor
Exergoeconomic factor is denoted by f and is given by mathematical relation as: (13) The exergoeconomic factor can be defined as the ratio of non-exergy-related costs i.e. capital investment and operating and maintenance expenses (Z) to the sum of non exergy and exergy related cost i.e. sum of investment and maintenance cost and exergy destruction cost (c f *E x,d ) . In evaluating the performance of a component, we want to know the relative importance of each category and this is provided by the exergoeconomic factor (f).
D. Improvement Potential
Improvement potential is denoted by IP and is given by IP= (14) Where I is the irreversibility or exergy destruction in the component where Ƞ Ex is exergy efficiency of the specific component.
IV. POWER PLANT UNDER CONSIDERATION
Power plant under consideration is Rajiv Gandhi Thermal Power Plant located in Hisar, Haryana. The total capacity of the plant is 1200MW with two 600 MW units. The work for implementation of 1200 MW Hisar Thermal Power Project was awarded during January, 07. The cost of Rs. 3.19 crore per MW for this project is the lowest in the Country. The thermodynamic model of the plant which shows the steam flow is shown in figure (1) Table 1 shows the data for energy and exergy analysis of the plant. It shows the value of pressure, temperature and mass flow rate of the steam flow which is taken from the plant and also the value of energy and exergy in kW calculated with the help of equation (2) . One thing should be noted that all the data is taken at full load. Figure ( The maximum energy loss occurs in condenser. Approximately 70% of energy is lost in the condenser which is very share of energy supplied in the steam generator. The overall plant efficiency is 38.29%. Figure (3) shows the exergy efficiency of different components of the plant. The lowest exergetic efficiency is 58% for the boiler which means 42% of the exergy supplied is lost in the boiler itself. Percentage exergy destruction of different components is shown in figure (4) . The value in figure (4) for exergy destruction plot is in absolute term and is shown in percentage in pie chart. Table 2 shows the calculation for exergoeconomic factor and improvement potential. The improvement potential is related to exergy efficiency in the sense that more the exergy efficiency, less be the improvement potential and vice versa. The one thing should be noted that all the data taken is real time data taken from Hisar Thermal Power Plant. Figure (5) shows the improvement potential for boiler, turbine and condenser. The value used in pie chart is in absolute term and is shown in percentage. The maximum improvement potential is for boiler which is around 92% of the overall improvement potential. In the table 2, C denotes the cost of exergy loss in core, Z shows the cost of investment in crore, f is the exergoeconomic factor and IP is the improvement Potential.
VI. CONCLUSION
The boiler has the highest amount of exergy destruction, so the greater attention should be paid towards boiler in terms of design and technical change. Around 42% of exergy supplied is lost in the steam generator itself, so efforts should be made for positive results. For the boiler exergoeconomic factor is 0.45. A low value of the exergoeconomic factor and large percentage of exergy destruction i.e. (42%) implies that it is worth investing in boiler in terms of design or technical changes. In condenser, the exergoeconomic factor is minimum and it is 0.41. The low exergoeconomic factor means more exergy destruction but in condenser the exergy destruction is only 10.13%. The reason for that is cost (investment cost + operating & maintenance cost) for the condenser is very less as compared to cost of exergy destruction, i.e. exergoeconomic factor is very low. The investment cost of condenser can be increased by some changes in design of condenser at the cost of exergy efficiency.
Maximum Improvement Potential is find out for the boiler. In percentage term, from the overall plant, the improvement potential for the boiler is 92%. Which means boiler is the components which has the major scope of improvement. The maximum amount of irreversibilities occurs in the boiler. Around 42% of the exergy is lost in the boiler itself. So the reason should be find out the overall low exergy efficiency for the boiler. It is well known that steam generator consists of super heater, evaporator, furnace, economizer, fan etc. The exergy efficiency of individual component in the boiler should be found out to investigate the components which are responsible for the low exergy efficiency of the boiler. The major technical changes should be made in the design of boiler in order to increase the exergy efficiency of the boiler after find out the cause of overall lower exergy efficiency of the boiler. The future work must concern itself on how to improve the exergy transferred to the steam in boiler. 
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